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ENVIRONMENT -COMPLIANT IMAGE DISPIjAY SYSTEM, XMAGS PROCESSING 

METHOD AND PROGRAM 



TECHNIC AI, FIELD 

5 Tlie present invent:! on relates to an environment: - 

compliant: ixnag^e display system, image processing method and 
program . 

BACKGROUND ART 

10 There has heen provided an environment- comp!Liant image 

processor which can regulate a color to be displayed depending 
on an ambient light «. 

Siach a conventional environment- compliant image 
processor is compliant with the environment, but not in 
1.5 consideration of use in the network envxz-onment . 

For example « in a network conference between meeting 
rooms A and B, the same image data may provide images of different 
colors to the meeting rooms A and B, respectively. 
\^ Particularly « in a field requiring high-precision 

rU 20 display of image such as an image processing field or a medical 
field, it is extremely important that the color of an image 
displayed at a certain location can he regulated to be identical 
with the color of another image displayed at a reference 
location or that the colors of images displayed at different 
2S locations can be unified into the same color. 

A presentation will be degraded if the color of an image 
displayed at a certain location is different from those of 
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images displayed at otKer different: locations 



DISCLOSURE OF THE INVENTION 

The present invention may provide an environment- 
5 compliant: image display system, image processing method and 
program which can reproduce s-ab6tantlally the same color over 
different locations . 

(1) The present invention relates to an environment- 
compliant image display system having a plurality of image 
10 display devices which are disposed at different locations and 
display substantially the same image when an object is displayed 
Q by the image display devices, each of the image display devices 

comprising: 

^ correction means which corrects input/output 

^ 15 characteristic data for display used by display means in each 

5S=R 

= of the image display devices to represent ideal image colors, 

^ based on visual environment information which indicates visual 

\^ environment of an Image display area. 

p (2) The present invention relates to an environment- 

ry 

2D compliant image processing method for representing 

substantially the same color at different locations, the method 

comprising the steps of: 

grasping visual environments o£ an image display area in 

each of the different locations; and 
25 correcting colors of an image displayed at each of the 

different locations based on visual environment information 

indicating the grasped visual environment- 
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(3) The preBent: invention relates to a program embodied 
on an isforniation storage medium or In a carrier wave for 
displaying substanciaXly t2xe same image at different^ locations, 
the program causing a computer to implement: 

5 input means which inputs visual environment information 

indicating visual environment of an image display area; and 
correction means which corrects input/output 
characteristic data for display used by display means to 
represent ideal image colors « based on the inputted visual 
10 environment information . 

(4) The present invention relates to a computer- usable 
information storage medium comprising a program for 

H implementing the above -described means* 

1^ According to the present invention « by correcting the 

^ X5 input/output characteristic data of the image display devices 
disposed at different locations, images can be displayed with 
p substantially the same colors at different locations to 

fO represent ideal imacre colors. 

This makeB it possible to accurately reproduce an 
20 intended view of an image at different locations, so that 
effective presentation can be simultaneously performed at 
different locations^ for exaxxiple. 

(5) The present invention also relates to an 
environment - compliant image display system having a plurality 

25 of image display devices which are disposed at different 
locations and display substantially the same image when an 
object is displayed by the image display devices, one of the 
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image display devices comprising z 

transmission means which t.ran6mit;s image information for 
representing an ideal image to the other of the image display 
devices through a transmission path; and 
5 correction means which corrects input/output 

characteristic data for display used hy display means in each 
o£ the image display devices to represent ideal image colors, 
based on the image information and visual environment 
information which indicates visual enviroximent of an image 
lo display area in a disposed location, 

wherein the other of tihe image display devices has = 
^ reception means which receives the image information from 

O nhe one of the image display devices through the transmission 

path; and 

XS another correction means which corrects the input /output 

characteristic data for display used by the display means in 
□ each of the image display devices to represent ideal image 

colors, based on the received image information and the visual 
environment information which indicates the visual environment 
fU 20 of an image display area in a disposed location. 

(6) The above described program or information storage 
medium may further cause the computer to implement: 

reception means which makes a reception device receive 
image data for display from a predetermined processing device; 
25 and 

means which makes a display device display an image based 
on the received image data and input/output characteristic data 
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corrected by the correction means . 

According to the present invention, by correcting the 
input/output characteristic data of the image display devices 
disposed at different locations, images can be displayed with 
5 substantially the same colors at different locations to 
represent ideal image colors - 

Particularly* an intended view of an image can accurately 
be reproduced at different locations by receiving the image 
information and displaying the image in real time, even if data 
10 of the original image is frequently updated. 

(7) The present invention further relates to an 
O environment -compliant image display system having a plurality 

rTi of image display devices which are provided at different 

^ locations and display an image compliant with visual 

=P 15 envixormient of a specific location in each of the different 
3 locations, each of the image display devices comprising: 

transmission means which transmits reference visual 
environment information of the specific location to the other 

fy 

O image display devices disposed at locations different from the 

20 specific location through a transmission path* when the image 
display device is disposed at the specific location; 

reception means which receives the reference visual 
environment information through the transmission path* when 
image display device is disposed at a location different from 
25 the specific location; and 

correction means which corrects input/output 
characteristic data for display used by display means in each 
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of tile image display devices to display an image compliant with, 
the visual envirorunent of tlie specific location, based on the 
received reference visual environment information and 
individual visual environment information of a disposed 
5 location when the image display device is disposed at a location 
different from the specific location. 

(8) The present invention further relates to an 
environment -compliant image processing method for 
representing suhstantially the same colors as an image 
XO displayed at a reference location, the method comprising: 

a reference image display step of displaying an image at 
the reference location; and 

an individual image display step of displaying an image 
at a location different from the reference location « 
15 whe^rein the reference image display step includes! 

a step of grasping visual environment of the reference 
location; and 

a transmission step of traiiBTnltting reference visual 
environment information indicating the grasped visual 
20 environment to a location different from the reference location 
through a trauBmlssion path» and 

wherein the individual image display step Includes: 

a step of grasping the visual environment of a location 
different from the reference location; 
25 a reception step of receiving the reference visual 

environment information; and 

a correction step of correcting colors of an image, based 
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on the xeceived refezrence -wisiial fenvironment and individual 
visual environment information indicating the grasped visual 
environment . 

<9) The present Invention also relates to a program 
5 embodied on an information storage medium or in a. carr±er wave, 
using a plurality of image display devices provided at different 
locations to display an image compliant with visual environment 
of a specific location at each of the different locations, 
the program causing a computer to implement: 
XO means which makes transmission means transmit reference 

visual environment information of the specific location to part 
O of the image display devices disposed at locations different 

from the specific location through a transmission path, when 
^ the computer is disposed at the specific location; 

=p 15 means which makes recept:ion means receive the reference 

2 visual environment information through the transmiseion path, 

rf when the computer is disposed at a location different from the 

ly specific location; and 

□ correction means which corrects input/output 

20 characteristic data for display used by display means in each 
of the image display devices to display an image compliant with 
the visual environment of the specific location* hased on the 
received reference visual environment information and 
individual visual environment information of a disposed 
25 location of the computer when the computer is disposed at a 
location different from the specific location. 

(10) The present invention also relates to a 
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computer- usable xnf ormcitioTi storage mediTjin comprising a 
program for implementing the above -describedl means- 

(11) Tlie present invention furtber relates to an 
environment -compliant image display system having a plurality 

5 of image display devices which are provided at different 
locations and display an image compliant with, visual 
environment of a specific location in each of the different 
locations, an Image display device of tbe plurality of tbe Image 
display devices disposed at a location different from tbe 

10 specific location comprising: 

reception means which receives reference visual 
environment information of tbe specific location transmitted 
from tbe specific location; and 

correction means which corrects input/output 

X5 characteristic daita for display used by display means in eacb 
of tbe image display devices to display an Image compliant with 
tbe visual environment information of tbe specific location* 
based on tbe received reference visual environment information 
and individual visual environment information of a disposed 

20 location. 

(12) Tbe present invention further relates to a program 
embodied on an information storage medium or In a carrier wave« 
using a plurality of image display devices provided at different 
locations to display an image compliant wltb visual environment 

25 of a specific location at eacb of tbe different locations « tbe 
program causing a computer to implement: 

means wblcb makes reception means receive reference 
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visual environment information of the specific location 
transmitted from the specific location; and 

correction means which corrects input/output 
characteristic data for display used hy display means in each 
of the image display devices to display an image compliant with 
the visual environment information of the specific location* 
based on the received reference visual environment information 
and individual visual environment information of a disposed 
location of the image display device different from the specific 
location - 

(13) The present invention further relates to a 
computer -usable information storage medium containing a 
program for implementing above •described means. 

According to the present invention, since an image 
compliant with the visual environment of a reference location 
can be reproduced at the other locations, images having 
substantially the same color can be displayed at different 
locations . 

Particularly, since an actual ima^e view displayed at the 
reference location can be reproduced at the other locations, 
an intended view of an image can accurately be reproduced at 
the different locations - 

(14) The image display system may further comprise grasp 
means which grasps the visual enviroxanent - 

(15) In the image display system, the grasp means may 
measure at least one of color value « gamma and color temperature 
of a displayed image. 



(16) In the above -described Image proceo^ing method, at 
least one of colox value, gamma and coloir temperature of a 
displayed image may be grasped in the grasp seep of grasping 
the visual environment. 
5 (17) Xn the program and the information storage medium* 

the visual environment may be grasped by grasp means which 
measures at least one of the color value, gamma and color 
temperature of a displayed image. 

By measuring at least one of the color value, gamma and 
10 color temperature of the displayed image, the visual 
environment can properly be grasped. 

iVote that the visual environment grasp means may be 
measuring means which measures the color value, gamma, color 
temperature and others of XYZ or RGB of the displayed image, 
15 for example. 

The gamma is a gradient in a photoelectric transfer 
characteristic curve at a. certain point. Therefore, by grasping 
the gamma, the difference between the standard photoelectric 
transfer characteristic curve and the photoelectric transfer 
2 0 characteristic curve under the actual visual environment can 
be found. Thus, colore can be corrected based on the difference. 

The color temperature is the temperature at which a 
blackbody emits light of the same color as a given object. The 
color temperature almost depends on the display device. If an 
25 image display area of the display device receives an external 
light, however, the color temperature may be varied. Therefore, 
by grasping the color temperature in the actual visual 
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environment:, influence of tlic external light or the like can 
be grasped to properly correct colors. 

The color value may he XYZ value, RGB valxie or Li*a*h* value 
(hereinafter simply referred to as •'Iiab'*) . 
5 (18) In the above xma^e display system, the displayed 

image may he an image for presentation, and each of the image 
display devices may be a projector type of display device which 
projects an image for presentation. 

When presentation is performed at different locations, 
10 substantially the same colors can be reproduced. This mahes it 
possible to almost simultaneously reproduce tbe colors intended 
by a presenter at different locations, enabling effective 
presentation. 

(19) In the above -described image processing method, the 
15 correction step may include a step of correcting input/output 
characteristic data for display. 

By correcting the input/output characteristic data to 
vary the voltage output ted in response to an input or other 
factors, displayed colors can be regulated. 
2 0 In addition, gamma correction may be caxried out as the 

correction of input/output characteristic data. 

BRIEF DESCRIPTION OP THE DRAWINGS 

Pig- 1 is a schematic diagram showing a network meeting 
25 system in which a laser pointer is used, according to one 
embodiment of the present invention. 

Pig. 2 is a schematic diagram showing a network meeting 
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system for a plurality of meeting rooms. 

Fig . 3 is a functional block diagram of an Image 
processing section of a conventional projector. 

Fig. 4 is a functional block diagram of an image 
5 processing section in a projector according to one embodiment 
of tlie present invention. 

Pa^g. 5 is a flowchart illustrating tlie entire 
presentation according to one embodiment of tbe present 
invention . 

Fig- 6 is a flowchart illustrating tbe preprocessing 
according to one embodiment of the present invention. 

fig. 7 is a flowchart illustrating the calibration 
according to one embodiment of the present invention* 

Fig, 8 is a flowchart illustrating the presentation on 
15 the side of receiver according to one embodiment of the present 
invention . 

Fig. 9 is also a flowchart illustrating the calibration 
according to one embodiment of the present invention. 

Fig. 10 is a schematic diagram showing the concept of 
20 inverse vector in the Dab space - 

Fig- llA is a graph showing the relationship between input 
and output in RGB input/output characteristic before gamma 
correction, and Fig. IIB is a graph showing the relationship 
between input and output in RGB input/output characteristic 
25 after gamma correction. 

Fig. 12 is a schematic diagram showing the concept of 
exterior division point in the Iiab space. 
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Fig. 13 1b a schemati c diagram showing RGB color triangles 
before and a£t:er correction - 

Pig, 14 is a scbtematic diagram sliowing a bus - connection 
type netwoxk meeting to which the present invention is applied. 
5 Fig. 15 iB a schematic diagram showing an interconnection 

type network meeting to which the pxesent Invention is applied. 

Pig. 16 is a diagram showing hardware configuration of 
a projector according one embodiment o£ the present invention. 

10 BEST MODE FOR CARRYING OUT THS XXffVENTXON 

The present invention will now be described with 
x-ef erence to the drawings in connection with a network meeting 
system which displays an image through a liguid- crystal 
projector, to which the present invention is applied. 

15 

1. System layout 

Fi9. 1 is a schematic diagram illustx-ating a netwoz-k 
meeting system using a laser pointer 50, which is constructed 
according to one embodiment of the present invention. 

20 A projector 20 is disposed substantially in front of a 

screen 10 and px-ojects a predetermined presentation image onto 
the screen- A presenter 3 0 pez-foxms a presentation relative to 
meeting attendees while pointing a desired location in an image 
display area 12 on the scz-een 10 using a spot light 70 which 

25 is projected from the laser pointer 50 _ 

In such a presentation, the display of the image display 
area 12 is highly variable depending on the type of the screen 
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10 or the ambient: light SO. For example, the same white color 
may differently be viewed to be yellowish white or to be bluish 
white, depending on the type of the screen 10. Purthexmore , the 
same white color may differently be viewed to be bright white 
5 or to be dark white^ depending on the ambient light 80. 

In recent years, the internet or other network systems 
have developed to enable the high-speed data communication. 
Therefore* a presentation Image may be displayed in a plurality 
of meeting rooms at the same time. 

lo For the network meecing in the fields of image processing, 

medical service and so on, very precise display of image is 
required. For example. in a remote imaging diagnostic 
technology system, an image from a medical camera such as 
gastrocamera or the like may be observed not only in a diagnostic 

15 location bur also in a z-emote location, Xf the color of the image 
is invariable between the diagnostic and remote locations, the 
same diagnosis can smoothly be carried out at both the 
diagnostic and remote locations. 

Tti such a case, an original image in a meeting room must 

2 0 be transmitted to the other meeting room(s} • rather than an 
image taken by a video camera or the like. It is thus extremely 
important that the color of the image intended by the presenter 
3 0 can accurately be reproduced at different locations. 

Fig. 2 is a schematic diagram illustrating a network 

2 5 meeting system containing a plurality of meeting locations. 

In a meeting room 52 0 in which the presenter 30 is 
performing the presentation^ for example, an image based on an 
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original image data is pro;)ect:ecl onto a dedicated screen 14 
through a projector 20-1 in a visual environment in which the 
ambient light 82 is provided hy a fluorescent light. 

The projector 201-1 in the meeting room 520 then transmits 
5 the original image data to another projector 20-2 in another 
meeting room 530 through a dedicated transmission path 54. 

The projector 20-2 projects and displays an image hased 
on Che received original image data onto a screen 16 formed by 
a material different from that of the screen 14 in a visual 
10 environment in which the other different ambient light 84 is 
provided by both a fluorescent light and an external light. 
^ Bven though the image is regulated in the meeting room 

5 20 r the display of the image may -va^ry in the other meeting room 
530 if the image is displayed as it is. This may hinder the 
P 15 communication between the meeting attendees or may not provide 
^ the desired presentation. 

O Since the prior art did not consider the influence of the 

rlj external light (or ambient light) or screen material as 

.^Z described, it was impossible to provide the same display of 

2 0 image at different locations. 

Fig* 3 is a functional bloclc diagram of an image 
processing unit in a projector according to the prior art. 

The prior art projector receives Rl , Gl and Bl signals 
forming an analog RGB signal from PC or the like and inputs them 
2 5 into an A/D converter 110. A projector image processing section 
100 performs the color conversion of digital R2 , G2 and B2 
signals which have been converted by the A/D converter 110. 
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A P/A converter 180 converts R3 , 63 and B3 signals 
subjected to the color conversion by the projector iiaage 
proceesing section 100 into analog signals . An I«/V (light valve) 
driver 190 drives a liquid crystal light valve to project and 
5 display an image, based on analog R4» G4 and B4 signals converted 
by the D/A converter* 180* 

The projector image processing section 100 is controlled 
by CPU 200 and comprises a projector color converting section 
120 and a profile managing section 130. 
10 The projector color converting section 120 converts the 

digital signals (R2« G2 and B2} from the A/D convercer 110 into 
RGB digital signals {R3, 63 and B3) to be outputted from the 
projector, based on an .input /output profile for the projector 
managed by the profile managing section 130. The profile means 
15 the characteristic data. 

ThuGp the prior art projector only performs the color 
conversion based on the input/ output profile indicating the 
input /output characteristic inherent in the projector* but does 
not consider the visual environment in which the image is 
20 projected and displayed. 

AS described « however, it is difficult that the display 
of color is integrated without consideration of the visual 
environment. The display of color is determined by three factors, 
light, reflection or transmission of light on an object and 
25 visual sense. 

This embodiment of the invention itnpleXRents an image 
display system which can reproduce the same color at different 
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Xocatiions by grasping tlie vis-aal enviironitient reflecting ttie 
difference of the color display depending on a matter to which 
the display is to be performed such as the ambient light or screen 
material and transmitting the original image data slb well as 
the information Indicating the visual environment as reference 
to an Image di&play device at any location whereat the image 
is to be displayed. 

More concrete techniqcues for realizing it include a 
technique of conforming the color of an image to be displayed 
at different locations to the ideal image color and another 
technicEue of conforming the color of an image to be displayed 
at different locations to the color of an image displayed at 
a reference location . 

Theoe techniques will sequentially be described below. 

2 . Techni«iue of conforming colors of images displayed at 

different locations to ideal image colors 

More particularly, as shown in Fig. 1« a colored light 
sensor GO. functioning as visual environment grasping means is 
provided- The colored light sensor 6 0 inputs the visual 
environment information into a i>r-ojector 20 . More particularly, 
the colored light sensor SO measures XYZ values which are light 
reflection information in an image display area 12 on a screen 
10. 

The projector 2 0 comprises colored light information 
processing means for converting the visual environment 
information into coordinate values in a predetermined color 



space and also for determining coordinate values which form a 
complementary color pair for the converted coordinate values, 
based on coordinate values of a predetermined color in the 
predetermined color space in a predetermined reference 
5 environment as well as the converted coordinate values - 

The projector 2 0 also comprises correction means for 
correctinor display input/output characteristic data used by 
means for displaying the image , based on the determined 
coordinate values being complementary color pair. 
10 The projector 20 further comprises means for 

receiving/transmitting the original image data and the 
reference visual environment information. 

The image processing unit of the projector 20 including 
the colored light information processing mean>s an.d other means 
3.5 will now be described. 

Pig. 4 is a functional blocX diagram of the image 
processing unit in the projector 2 0 which is constructed 
according to one embodiment of the present invention. 

The projector 20 inputs RGB analog signals Rl, Gl and Bl 
20 from PC or the like to the A/D converter XIO, and performs color 
conversion of digital signals R2 . G2 and B2 by means of the 
projector image processing section lOO. 

The projector 20 inputs color « converted R3 , G3 and B3 
signals to a D/A converter 18 0, and also inputs analog - converted 
25 M, G4 and B4 signals to an L/v (light valve) driver 190 to drive 
the liquid crystal light valve for projecting and displaying 
an image . 
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Such- an arrangement is not different from that of tHe 
prior art projection- However, tHe projector 20 according to 
this embodiment coxnprlseB a projector image processing section 
XOO which cojoprises a color signal converting section 160, a 
color signal inverse converting section 170. a color management 
section 150, a projector color converting section 120 and a 
receiving/ transmitting section 210. 

Tiie color signal converting section 160 converts RGB 
digital signals (R2, G2 and B2) from tlie A/D converter 110 Into 
XYZ values (XI, Yl and Zl) . RGB signals are device dependence 
type colors whicli are variable depending on the input/output 
device such, as projector 2 0 wh.ile XYZ values are device 
Independence type colors wh^lcK are invariable depending on tlie 
device - 

A concrete technique of converting RGB digital signals 
into XYZ values may be one that performs tbe matrix conversion 
using 3X3 matrix. 

The color signal converting section 160 outputs the 
converted XY% values (XI, Yl and Zl) toward tbe csolor management 
section 150. 

The color management section 150 converts XYZ values (XI, 
Yl. Zl) inputted from the color signal converting section 160 
into XYZ values (X2. Y2. Z2) wliich reflect the visual 
environment, based on measured values by the colored light 
sensor 60 as the visual environment grasp means. 

The color management section 150 comprises a colored 
light information processing section 140 and a prof ile managing 



portion 130 for managing the input/oTitput profile for the 
pro j ector 20 . 

Tlie colored liglit: information processing Section 14 0 
converts a white color reflecting the actual visual environment 
5 information into coordinate values in the Iiab space and 
determines coordinate values that form a complementaacy color 
pair for the converted coordinate values « based on coordinate 
values in the white Lah space in a predetermined reference 
environment as veil as the converted coordinate values* The 
10 conaplementary color pair means a pair of colors which creates 
a gray color when these colors are mixed together. 
S The colored light information processing section 14 0 

r\ converts the XYZ valuee (Xl, Y± and 21) inputted from the color 

M signal converting section 160 into the other XYZ values (X2, 

h 15 Y2 and Z2) reflecting the visual environment, based on the 

measurements in the colored light sensor 60. 
O The profile managing portion 130 functions as the 

rU aforementioned correcting means and creates input/output 

]^ profiles for the RGB signals in the projector 20. The profile 

^~ 20 managing portion 130 further manages the RGB input/output 
characteristics for the projector 2 0 using the created 
input/output profiles for the RGB signals. 

The color signal inverse converting section 17 0 performs 
the matrix inverse conversion of the XYZ values <xl, Y2 and Z2) 
25 from the colored light information processing section 14 0 into 
RGB digital signals (R5, GS and B5) using the aforementioned 
inverse matrix in the color signal converting section 16 0. 
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The projector color converting section 120 converts the 
RGB digital signale G5 and B5} from the color signal inverse 

converging section 170 into RGB digital signals G3 and B3) 

for projector output while referring the projector profile 
5 managed by the profile managing portion 130- 

The projector image processing section 100 is controlled 
. CPU ^00 and comprise? a projector color converting section 
120 and a profile managing portion 130. 

The projector color converting section 120 converts RGB 
10 digital signals (R6, G6 and B6) from the A/D converter 110 into 
projector output RGB digital signals (R3, G3 and B3) , based on 
the input/output profiles for the RGB signals managed by the 
profile managing portion 13 

The projector oxitput RGB digital signals outputned from 
15 the projector color converting section 12 0 are then converted 
into RGB analog signals (R4 . G4 and B4) by the D/A converter 
180 . The li/v driver 190 then uses the RGB analog signals to drive 
the liquid carystal light valve for projecting and displaying 
the image . 

20 In such a manner, the projector 20 of this embodiment 

projects and displays the image taking the visual environment 
into consideration . 

Namely « Che projector 2 0 can display an image 
accommodating to the environment on display by correcting the 

25 display input/output characteristic data used by the image 
display means based on the coordinate values reflecting the 
environment information and the coordinate values of 
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complementary color pair. Thus, the projector 20 can absorb any 
difference in tlie display environment and display the same image 
without dependiner on the applied environment. 

This embodiment also considers the use of the projector 
5 20 in the network. 

For such a purpose, the projector 20 xnay include the 
receiving/transmitting section 210 - 

When the projector 20 is disposed at the reference 
location and if the receiving/ transmitting section 2X0 
10 functions as receiving/transmitting means. the 

receiving/transmitting section 210 sends the image data <XX« 
Yl and Zl) indicating the ideal image color to he displayed on 
calibration (or correction) toward the other projectors 20. 
When the presentation is carried out, the 
15 receiving/transmitting section 210 also transmits a 
presentation image represented by RGB data G6 and B6> 

digital -converted by the A/I> converter 110 toward the other 
nj projectors 20. 

If a projector 20 is disposed at a location different from 
20 the reference location, the receiving/ transmit ting section 210 
thereof functions as receiver means for receiving the image data 
on calibration and also for receiving the transmitted RGB data 
(R6, G6 and B6) on presentation, from a receiving/ transmitting 
section 210 in another projector 20 disposed at the reference 
25 environment location. 

On calibration, the projector 20 disposed at a location 
different from the reference environment location corrects the 
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image color SO thac it will coincide with the color of the ideal 
image data (XI, Yl and Zl) by correcting the coloir space and 
input/output profiles hased on the image data {XI, Yl and Zl) 
received by the receiving/ transmitting section 210 and XYZ 
values (X3, Y3 and Z3) measured by the colored light sensor 6 0 
at that location. 

The projector 20 inputs the RGB data OS and B6) 

received by the receiving/ transmitting section 210 into the 
projector color converting section 120 for projecting and 
displaying the presentation image. 

In such an arrangement, substantially the same color can 
simultaneously be reproduced at different locations by 
regulating the image color bo that it will coincide with the 
ideal color of the image data (XI, Yl and Zl) . 

In connection with che actual presentation, how the 
aforementioned color rnanagement eection 150 and others function 
^ilX be described using flowcharts. 

Fig- 5 is a flowchart illustrating the entire 
presentation according to one embodiment of the present 
20 invention. 

It is assumed herein that the same presentation image is 
simultaneously display by a plurality of projectors 20 which 
are disposed at different locations. 

First of all. the profile managing portion 130 performs 
the pre-processing such as preparation of the input/output 
profiles or the like (step S2) . 

The calibration (or correction) is then performed to do 
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the regulation corresponding to visual environments by 
projecting white -color images from each of the proiector© 2(3 
to the corresponding screen 10 by a predetermined gradation unit 
depending on the visual environments of the respective 
locations (step 34). 

After calibration, a presentation is carried out (step 

The procedures of che pre-processing (step S2> to the 
presentation (step S6) will sequentially be described in more 
detail . 

Fig. 6 is a flowchart illustrating the pre-processing 
^cooT<3^LnB CO one embodiment of the present invention - 

In the pre-processing (step S2) • the A/D converter 110 
first converts analog signals (Rl* Gl and Bl) of a reference 
white-color image for pre-processing into digital signals (R2, 
G2 anci B2> (etep S12> - 

The color signal converting section 160 then converts the 
digital signals into XY2 values (XI, Yl and 21) indicating the 
ideal color and outputs them toward the color management section 
150 (step S14) - 

The projector 20-1 on the transmitter side transmits the 
white -color data (XI, Yl and Zl) indicating the ideal color 
toward the projector 20-2 on the receiver side (step SIS) - 

Both the projectors 20-1 and 20-2 respectively in the 
reference and non- reference environments perform a calibration* 
which will be described, so that values CX3, Y3 and Z3) measured 
by the respective colored light sensors 60 will be this 



wlilte-color image dat:a. {Xl, Yl and Zl) . 

Tlie colored ligllt: information processing sectilon 140 in 
the color management section 150 generates a color space (or 
Lab space) based on the XYZ values (XI. Yl and Zl> (step S16) . 
The colored light information processing section 14 0 then 
determines the coordinate values of the white -color image in 
the color space (step Sl8> , 

The colored light information processing section 140 
further converts the XYZ values (XX, Yl and Zl) into other XYZ 
values (X2, Y2 and Z2) reflecting the visual environment. At 
this step, however, the visual environment information is still 
not inputted. Therefore, the XYZ values (XI, Yl and Zl) are equal 
to the XYZ values (X2, Y2 and Z2) , respectively. 

The color signal inverse converting section 17 0 performs 
the inverse matrix conversion of the XYZ values (X2, Y2 and Z2) 
from the colored light information processing section 140 into 
digital RGB signals (R5, G5 and B5) using the inverse matrix 
in the aforementioned color signal converting section 160 (step 
820) . 

On the other hand, tlie profile managing portion 130 
creates the input/output profiles of the RGB signals in the 
projectors 2 0 based on the coordinate values of the white -color 
image generated by the colored light information processing 
section 14 0 (step S22) . Thus, the input/output profiles of the 
RGB signals corresponding to the respective projectors 20 
disposed at various different locations will be prepared. 

The projector color converting section 12 0 converts the 



digital RGB signals (R5, G5 ana B5) fxoin the color sicftial inverse 
converting section 170 into digital RGB signals (R3, G3 and B3) 
which are to be outputted through the projectors^ hased on the 
prepared input/output profiles (step S24) - 

The D/A converter 180 converts the projector output 
digital RGB signals outputted from the projector color 
converting section 120 into analog RGB signals (R4, G4 and B4) 
(step S26) - 

The t»/V driver 190 drives the liquid crystal light valve 
hased on the analog RGB signals (step S2B) and projects and 
displays the white-color image (step S30) . 

In the pre-processing (step S2) , thus, the projectors 20 
disposed at the respective locations create the color spaces, 
the coordinate values in the respective color spaces under the 
reference environinent and the input /output profiles of the RGB 
signals In the projectors 20. 

The calibration (step S4) will now he described. 

Fig. 7 is a flowchart illustrating the calibration 
according to one embodiment of the present invention. 

A presenter 3 0 performs the calibration before the 
presentation image is actually displayed at different 
locations . 

In the calibration (step S4) , first of all, the projector 
2 0 projects and displays the white -color image used in the 
pre-processing (step S2) onto the corresponding screen 10 to 
grasp the visual environinent in the image display area at a 
location whereat this projector 2 0 is disposed. Under such a 



situation, tlae colored ligbt sensor 60 measures the XYZ values 
(X3. Y3 and Z3} in the image dlBplay area 12 on which the 
white-color image is displayed (step S32) ♦ 

The colored light information processing section 140 then 
compute© and determines coordinate values within the color 
space (or I*ab space) based on the measurements in the colored 
light sensor 60 (step S36) - 

The colored light information processing section 140 then 
computes and determines coordinate values of complementary 
color pair, based on the coordinate values at the reference 
environment determined at the Step S18 as well as the coordinate 
valvies in the actual visual environment (step 338). 

The technique of determining the coordinate values of 
complementary color pair at this time may be one that determines 
the inverse vector of a bo\ind vector indicating the positions 
of the white- color coordinate values in the color space under 
the actual presentation environment, for example. 

Fig. 9 is a schematic diagram Showing the concept of 
inverse vector in the Lab space. 

As shown in Fig. 9, the Lab space includes a vertical axis 
representing the lightness I* and a plurality of a* -b* planes 
along the 1* axis. It is now assumed that the coordinate values 
of the white-color values in the actual presentation 
environment were (al*. bl*) in a predetermined a* -b* plane. 

In this case, the coordinate values (al*. bl*) can be 
grasped as the origin in the a*-b* plane or a bound vector at 
a point whereat the a*-b* plane intersects the L axis. The term 



"vector" herein means one having a magnitude and an ozrlentation . 

By determining the inverse vector of the bound vector, 
the coordinate values (-al*, -bl*) of complementary color pair 
relative to the coordinate values (al*, bl*) - 
5 In other words, the white color is at a point on the U 

axis in the reference envlroxunent* but offset from the origin 
on the Zi axis by the coordinate valuee (al""^, bX*) in the actual 
environment . 

Therefore* the profile managing portion 130 corrects the 
10 color by this inverse vector. Thus, the coordinate values of 
the white color measured in the actual ezLvlronment will be on 
the ti axis« such that the color of the actually displayed image 
will substantially coincide with the ideal XYZ values (XI, Yl 
and 21) . 

15 The colored light information processing section 14 0 

further outputs XYZ values (X2« Y2 and Z2} obtained by 
correcting the XYZ values (XI, Yl and za> , based on the 
coordinate values of complementary color pair. 

Tbe color signal Inverse coziverting section 17 0 
ao matrix- inverse converts the XYZ values (X2, Y2 and Z2) from the 
colored light information processing section 140 into digital 
RGB signals (R5, G5 and B5> (step S40) . 

The profile managing portion 13 0 re -pTep&jTGB the 
previously prepared input/output profiles of RGB signals^ based 
25 on the coordinate values of complementary color pair (step S42) . 

Actually, the white -color image is displayed in each of 
the a*-b* planes existing on the li axis or by each of 
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predetermined gradations, the displayed image being measured 
in XYZ values to correct the color - 

Each of tlie input/output profiles is actually used for 
gainma correction. 

Fig- llA shows the relationship between the input and 
output in the RGB input/output characteristics before gaimna 
correction. As shown in Fig. IIA, each of the RGB signals 
increases as the voltage (or input (V) value) increases and as 
tbe ligtituess (or output <cd/ro'> > increases . 

Fig. IIA also shows the RGB input/output characteristic 
relating to tne ideal light. Thus, each of the projectors 2 0 
can use the colored light information from the colored light 
sensor 6 0 to obtain che ideal white color through the RGB 
input/output cbaracteristic having no black spot ( * ) under the 
ideal environment which will not be influenced by the ambient 
Xigbc or screen material. 

However, the colored light information of the projector 
2 0 is frecjnently influenced by the ambient light or screen 
m^tearial . In tlie form of Fig. IIA, tbe color is reproduced on 
the screen 10 while being strictly influenced by R and G if the 
projector 20 is not corrected relating to the white color . 

In such a state* even the ideal wbite color output ted from 
the projector 2 0 is reproduced to be yellowish on the screen 
10. To correct the influence of the ambient light or screen 
material included in the colored light information of the 
projector 20, the input/output signals of R and G among the tliree 
input/output signals RGB may be reduced, as shown by black spots. 



dependent on their corrected amount to correct th.e yellowish 
white color xnto the ideal white-colored light out^jiatted from 
the projector 20. 

Fig. IIB shows R and G curves re -prepared by sliifting the 
black spots directly to the maximuzn axis (or dotted Xine in Fig* 
llA) . R# G and B curves in the input /on t^^ut signal 
characteristics after correction relating to RGB gradations in 
Fig. lOB are determined from the following formulas (1) to (3) - 
Correction coef f icientB XR, KG and KB are determined from the 
following formulas (4) to (6) . 

R signal (bit) " KR X input signal before correction (1) 
G signal (bit) • KG X input signal before correction (2) 
B signal (bit) - KB X input signal before correction (3) 
KR - maximum R input value after correctioiL/255 (4) 
KG = maximum G input value after correctioii/2 5 5 (5) 
KB • maximum B input value after correction/2 55 (6) 

Fig- 13 is a schematic diagram showing RGB coloz- triangle 
before and after correction. 

In the color triangle rgb befoxe correction^ a point K 
(0, O, 0) or a point whereat the lightness L axis passing through 
black intersects the color triangle rgb is at W (X, 1, 1) or 
white. 

By performing the aforementioned inverse vector 
correction relative to the whole color triangle rgb, the latter 
may be a color triangle r'g'b'. In the color triangle r'g'b'. 



a point or white wiiereat tlie lightness L axis passing through 
black intersects the color triangle r'g'b' isW (0.9, 0.5. 1) 
which is slightly nearer K {O. 0, 0> than the color triangle 
rgb. 

AG described, the calibration (step S4) prepares the 
profiles in the actual applied environipent to perform the gamma 
correction properly- Thus, each of the projectors 20 at 
different locations can ^reproduce the image color substantially 
coinciding with the ideal color (XI, Yl and Zl) . 

actual presentation (step S6> after such a 
calibration will be described. 

Fig. 8 is a flowchart illustrating the presentation 
according to one embodiment of the present invention. 

In the projector 20-1 on the transxniccer side, the A/D 
converter 110 first converts analog signals CRl, Gl and Bl) for 
the presentation image into digital signals (R2 , G2 and B2) and 
digital signals {kS , GS and B6) , 

This presentation image daca {(R6, g6 and B6) are 
transmitted from the projector 20-1 to the receiver side 
projector 20-2 (step S62) . 

The projector 20 >1 inputs the presentation image data 
C(R6» G6 and B6> from the A/D converter 110 into the projector 
color converting section 120 while the projector 20-2 inputs 
the presentation image data ((R6, G6 and B6) received by the 
receiving/transmitting section 210 into the projector color 
converting section 12 0. 

The projector color converting section 120 converts the 



RGB input/output profiles correctetj on the calibration (step 
S4) &o t:liat: tlie same color can be reproduced into digital RGB 
signals (R3. 63 and B3} for the projector 20 (step' S64) . 

the D/A converter 180 converts the projector output 
5 digital RGB signals ontputted from the projector color 
converting section 120 into analog RGB signals G4 and B4) 

(step SB6) . 

the I*/v driver X90 drives the liquid crystal light valve 
based on the analog ROB signals (step S68> and projects and 
10 displays the presentation image (step S70> , 

In this way« this embodiment coi-^rects the input /output 
profiles reflecting the visual envizronments in the different 
locations to z-eproduce the ideal color. Thus^ substantially the 
same image can be reproduced simultaneously at different 
15 locations without depending on the location whereat the 
projector 20 is disposed. 

On presentation, the image processing can be carried out 
at increased speed by receiving/ transmitting RGB data not 
required to be converted into the XYZ data. The projectors 20 
2 0 may perform the presentation by receiving/ transmitting the 
presentation data represented by the analog RGB signals or the 
presentation data represented by the XYZ type signals. 

The image information relating to the ideal image color 
may be transmitted by the processor such as PC or the like to 
25 the respective projectors 20, rather than by the predetermined 
projector 20^1, 
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3. Tectiniaue of conforming colors of an itnage displayed at 
differenr locations to colors o£ an image displayed at tlie 
reference location 

The techni<iue of cau9in9 the colors of the image displayed 
at different locations to coincide with the color of the image 
displayed at the reference location will now be described. It 
is now assumed that each of the different locations includes 
a projector 20^ a screen lO, a colored light sensor 60, a 
receiving/ transmitting section 210 and PC. 

The basic processing techni<iue is similar to the 
technique of correcting the input/output profiles or the li]ce 
to provide the ideal color, but different from the last- 
mentioned techni<iue in connection with the calibration . 

Fig. 9 is a flowchart illustxating the calibration 
according to one embodiment of the present invention. 

As described, the white- color image may be 
received/ transmitted on each calibration, but may previously 
be BtoT-ed in the corresponding image display device since the 
white -color image is always invariable. It is assumed herein 
that the white- color image data used to display the white -color 
image has been previously stored in each of the projectors 20. 

First of all. each of the projectors 2 0 projects and 
displays the white -color image based on the stored whi'te- color 
image data (step S72) . 

The colored light sensor 60 connected to each of the 
projectors 20 measures the colored light (XYZ values) of the 
projected and displayed white -color image (step S74) - 



Tiie receiving/ transmit ting section 2X0 connected to tlie 
projector 20-1 on tlie tr^smitter side sends the measured color 
information (XYZ values) including the measurements of the 
colored light sensor 60 toward the projector 20-2 on the 
5 receiver side (step S7 6) . 

The receiving/ transmitting section 210 connected to the 
receiver side projector 20-2 receives the measured color 
information {XYZ values) (step S78) - 

The receiver side projector 20-2 corrects the 
10 input/output profiles and the like such that the measured color 
information (XYZ values) will coincide with the measured color 
5 information (XYZ values) received by the 

R receiving/transmitting section 210 and reflecting the visual 

environment on the transmitter side (step S80) . 
J 15 The receiver side projector 20-2 judges whether or not 

^ the measured color information (XYZ values) measured hy the 

P colored light sensor 60 in the visual environment on the 

S receiver side coincides with the measured color information 

(XYZ values) received hy the receiving/ transmit ting section 210 
20 and reflecting the transmitter side visual environment (step 
S82) . If not so, the display of the white-color image (step S84) , 
the measurement of the colored light (step S86) and the 
correction of the input/output profiles and the like (step S80) 
are repeated until the coincidence is attained. 
25 xn the calibration step, thus, the measured color 

information (XYZ values) from the colored light sensor 60. that 
is. the actual color observed by the observer becomes the same 
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color dC different locations - 

in such a sit-uation, tlie presentation image of the eame 
color can simultaneously be viewed at both the receiver and 
transmitter sides by transmit tin? the presentation data from 
5 the transmitter side projector 20-1 to the receiver side 
projector 20-2. 

This technique is superior to the first -mentioned 
technique of performing the correction to provide the 
aforementioned ideal color in respect to the high-speed 
XO processing, but the first -mentioned technique is superior in 
respect to the coincidence of the substantially completely 
Q reproduce color. 

^ 4 . Explanation of hardware 

^5 The hardware configuration of the aforementioned 

s projectors 20 will be described. 

^ Fig. 16 illustrates the hardware configuration of a 

[U projector 20 according to one embodiment of the present 

£3 invention. 

20 The system shown in Fig. 16 comprises CPU 1000, ROM 1002, 

RAM 10 04, an information storage medium 1006, an image 
generating IC 1010 and inpiit/output ports 1020-1. 1020-2, all 
of which are interconnected for data receiving/ transmitting 
through a system bus 1016 . The system is connected to various 
25 instruments such a9 PC, colored light sensor BO and so on through 
the input/oTitput ports 1020-1, 1020-2. 

The information storage medium 1006 is to store a program. 
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image daHa and so on, 

The program stored in the information storage medium 1006 
as well as a program stored in the ROM 1002 are used to cause 
the CPU 1000 to perform the control of the whole system and 
5 various data processings. The RAM 1004 is storage means used 
as a working area for the CPU 1000 and the like and to store 
given contents of the information storage medium 1006 and ROM 
1002 and the computation results of the CPU 1000, Data structure 
having a logical configuration for implementing this embodiment 
XO will be build on the RAM 1004 or information storage medium 1006 . 

Various processings described in connection with Figs. 
1 to 15 are realized by the information storage mediiam 1006 
stored a program for performing these processings, the CPU lOOO 
operated according to the program^ the image generating IC 1010 
and others - The processings carried out in the image generating 
IC 1010 and the like may be attained through any hardware circuit 
or the like or may be accomplished in software through the CPU 
lOOO or any general -purpose DSP or the like. 

The information storage medium 10O6 may be any of various 
forms such as CD-ROM, DVD-ROM, ROM. RAM and so on. The 
information storage medium 1006 may be either of contact type 
or non- contact type. 

In place of the information storage medium 1006 « the 
aforementioned functions may be realized by downloading a 
program for realizing the functions or the like from a host 
device or the like through a transmission path. In other words, 
the information for realizing the aforementioned functions may 
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be embodied in carrier wave. 



5. Modifications 

Tbe present invention is not limited to tlie above- 
described embodiments, but may be applied to any of various 
modifications . 

Although Fig. 10 sbows the technique of determining the 
coordinate values of complementary color pair using the inverse 
vector, any other technique not using the inverse vector may 
be used in the present invention. For example » a technicpie of 
determining the coordinate values of complementary color pair 
using the exterior divi3ion point. 

Fig. 12 is a schematic diagram showing the concept of 
exterior division point in the Lab space. 

As in Fig, lO, it is assnmed herein that in a predetermined 
a*-b* plane, the coordinate values of a white value in the actual 
presentation environment are Al (al, bl) ; the coordinate valnes 
of a point whereat the a* -b* plane intersects the I, axis are 
Bl (a2, b2) ; and the coordinate values of the complementary 
color pair to be determined are PI <a3, b3) . If it is assumed 
that the distance between Al and PI is r, and the distance between 
Al and BX is s, r =» 2s. Since the coordinate values of Al and 
Bl are Known, the distance s can be determined. 

In this case, the technique of external division point 
determines PI (a3, b3) through the following formulas (7> and 
(8) . 



a3 = 
b3 = 



(-6 X al * 2s X a2)/(23 - s) = -al + 2 X a2 
(-s X bi * 2S X b2)/(25 - s) « -bl + 2 X b2 



(7) 
(8) 



In sucb a manner < tlie coordinate values of coxnplementiary 
color pair can be determined using the external division point- 

The present invention is not limited to sucb. a one-to-one 
connection type network meeting system* but may be applied to 
ainy of various otber image display systems. A case where the 
present invention is applied to a network meeting system which 
is one of the netwox-k type image display systems will be 
described . 

Fig. 14 schematically illustrates a bus connection type 
network meeting to which the present invencxon is applied while 
Fig- 15 schematically illustrates an interconnection type 
network meeting to which the present invention is applied. 

As shown in Fig- 14, for example, the bus connection type 
network meeting form may include a meeting room A 6 00 as a 
reference location auxd otber meeting rooms B 610, C 620. - .n 690 
in each of whicb the image must be regulated for the environment 
thereof different from that of the reference environment. The 
network meeting form always transmits the original image data 
and Che visual environment information from the projector 20 
of the meeting room A 600 to the respective projectors 20 of 
the meeting rooms B 610, C 620. -.n 690. 

In 3uch a form, the projector 2 0 of the meeting room A 
600 is provided with transmitter means for transmitting the 
original image data and the visual environment information in 
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place of the af oreineiitioned receiving/ transmitting section 210 . 
Eacli of the projectors 20 of the other meeting rooms B 6lO, C 
620* , -n 690 is provided with receiver means for receivingr the 
original image data and the visual environment information. 
5 By performing the receiving/ transmit ting of the original 

image data and so on in such a manner, the same image can be 
reproduced simultaneously at all the meeting rooms 600 to 690. 

As shown in Fig. 15, if meeting rooms A 7O0, B 710, C 720 
and D 730 are interconnected together, it is preferable to 
10 provide the receiving/transmitting section 210 such that any 
of the meeting rooms may have a reference environment- 

Althoxigh the above embodiments are described as to the 
transmission of the reference environment information from a 
predetermined image display device to Che individual image 
15 display devices at other different locations, the information 
may be transmitted from each of the individual image display 
devices at the different locations toward the image display 
device at the reference environment location. 

If various image display devices are interconnected 
20 together, the image color in any of the individual image display 
devices may not be sufficiently regulated even though the 
reference environment information is transmitted from a 
predetermined image display device to each of the individual 
locations . 

25 In such a case, the image display device at each of the 

different locations may transmit the visual environment 
information thereof to the image display device at the reference 
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environmeBt location. The image display device at tlie reference 
environment location may regulate tlie reference environment 
information bo tliat eact of the image display devices at the 
individual different locations can easily regulate the image 
color - The regulated reference environment information may then 
be transmitted to the other image display devices at the other 
different locations - 

Thus, the display of image color in all the image display 
devices can surely be integrated even though various image 
display devices are interconnected together - 

The present invention may be applied to any display means 
for displaying the presentation image other than the 
aforementioned projector means. In addition to a li^id crystal 
projector, such display means may include a projector using a 
digital micromirror device (DMD) , a display device such as a 
cathode ray tube (CRT) , a plasma display panel IPDP) , a field 
emission display (FED) , an electroluminescence (EL) display, 
or a direct view type li^id crystal display device. Note that 
DMD is the trade mark possessed by U, S. Texas instrument. 

Although the above embodiments are described as to the 
use of the same image display means both in the receiver and 
t:ransmitter sides ^ the present invention may be applied to an 
image display system wherein different display means maybe used, 
that is, a projector on the transmitter side and a large -sized 
monitor on the receiver side. 

Although the aforementioned projectors 20 have been 
described as to the input/output of analog RGB signals, the 



present invention may be applied to an ima^e display system 
wherein any image display means eucli as a projector for 
inputting /output ting digital image signals. 

The function of tlie aforementioned projector image 
processing section 100 may be realized by a single image display 
device (e.g.. a projector 20) , but may be realized by a plurality 
of processors in a distributed fashion (e.g.* tbrougb a 
distributed processing through projectors 20 and PCs) . 

The visual environment grasping means is not limited to 
the colored light sensor 60, but may be any of various Other 
forms. For example, the visual environment grasping means may 
include one or combination of various other devices such as a 
colorimeter for z-esLding the XYZ values or I*ab values in the image 
display area, a meter for meaeuring the ^ajnma value in the image 
display area, a meter for measuring the color temperature in 
the image display area, a color temperature measuring device 
such as a color temperature meter for measuring the color in 
the image display area, a sensor for measuring the ambient light 
and so on . 

The visual environment to be grasped by the visual 
environment grasping means may include the ambient light 
{illumination light, natural light or tbe liXe) « an object on 
which the image is to be displayed {e.g. , display, wall, screen 
and the like) and so on. Although the screen 10 has been described 
as to the reflection type, it mAy be of transmission type. If 
the screen is of transmission type^ it is preferred that the 
colored light sensor is a sensor for directly scanning the 



screen. 

The data received/ transmitted using the 

recelvingr/ transmit ting section 210 is not limited to tJie XtZ 
values. For example, tlie transmitter side device may send data 
5 indicating the gamma and color temperature in the reference 
environment to the receiver side device which in turn corrects 
the input /output profiles based on the received data indicating 
the gamma and color temperature as well as data indicating the 
gamma and color temperature in the receiver side environment. 
10 Such a technique can similarly reproduce substantially 

the same color simultaneously at different locations. 

Although the above* described embodiments are described 
as to the use of the Ijab space as the color space* the present 
invention may be applied to L*u*v* space, Ij*C*h space, U*v*w* 
15 space or xyY space (which can also be referred to Vacy space) . 

Although the above embodiments are described as to che 
forward projection type projector, the present invention may 
use a baclcwaz-d projection type projector* 

The afoT-ementloned transmission path is not limitied to 
20 the wire line such as the dedicated line 540. but may be a 
wireless line such as a satellite communication path. 



4 2 



